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PURPOSE To determine the predictive and prognostic value of the consensus molecular subtypes (CMSs) of
colorectal cancer (CRC) that represent a merging of gene expression—based features largely in primary tumors
from six independent classification systems and provide a framework for capturing the intrinsic heterogeneity of
CRC in patients enrolled in CALGB/SWOG 80405.

PATIENTS AND METHODS CALGB/SWOG 80405 is a phase lll trial that compared the addition of bevacizumab or
cetuximab to infusional fluorouracil, leucovorin, and oxaliplatin or fluorouracil, leucovorin, and irinotecan as first-
line treatment of advanced CRC. We characterized the CMS classification using a novel NanoString gene
expression panel on primary CRCs from 581 patients enrolled in this study to assess the prognostic and
predictive value of CMSs in these patients.

RESULTS The CMSs are highly prognostic for overall survival (OS; P < .001) and progression-free survival (PFS;
P <.001). Furthermore, CMSs were predictive for both OS (Pfor interaction < .001) and PFS (Pfor interaction =
.0032). In the CMS1 cohort, patients treated with bevacizumab had a significantly longer OS than those treated
with cetuximab (P < .001). In the CMS2 cohort, patients treated with cetuximab had a significantly longer OS
than patients treated with bevacizumab (P = .0046).

CONCLUSION These findings highlight the possible clinical utility of CMSs and suggests that refinement of the
CMS classification may provide a path toward identifying patients with metastatic CRC who are most likely to
benefit from specific targeted therapy as part of the initial treatment.

J Clin Oncol 37:1876-1885. © 2019 by American Society of Clinical Oncology

INTRODUCTION

Colorectal cancer (CRC) is the second leading
cause of cancer death in the United States.!® The
goal of CALGB/SWOG 80405 was to determine
whether the addition of cetuximab or bevacizumab
to chemotherapy leads to superior outcomes, with
one or the other as first-line therapy in metastatic
CRC (mCRC).* In the primary analysis, 1,137 pa-
tients with KRAS wild-type (codons 12 and 13)

An OS that exceeds 30 months in a large population of
patients with mCRC is encouraging but is inflated by the
exclusion of patients with RAS mutations. Even when
restricted to those with tumors that have wild-type RAS,
a significant proportion of patients do not respond to
cetuximab. CRCs that originate from the right side of the
colon portend a significantly worse prognosis than those
that develop in the left-side colon.>” We observed
a survival benefit in the cohort of patients with tumors

mutations were randomly assigned to either bev-
acizumab or cetuximab plus patient/physician
choice of infusional fluorouracil, leucovorin, and
oxaliplatin (FOLFOX) or fluorouracil, leucovorin,
and irinotecan (FOLFIRI). The primary end point
was overall survival (0S), which was not different
between the arms (cetuximab v bevacizumab,
—30.1 v —29.0 months, respectively; stratified
hazard ratio [HR], 0.88; 95% ClI, 0.77 to 1.01;
P=.08)4
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that originated in the left-side colon enrolled in this
frontline study of targeted therapy who were treated with
the chemotherapy regimens coupled with cetuximab
over those treated with bevacizumab.2 This finding
highlights the necessity of identifying biomarkers to
better understand the therapeutic vulnerabilities and
exploit the heterogeneity of MCRCs. These insights have
the potential to help treating physicians to use an in-
dividual’'s tumor molecular makeup to predict likely
sensitivity and resistance to targeted therapies.®©
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CMS in Metastatic CRC and Outcome in CALGB/SWOG 80405

Consensus molecular subtypes (CMSs) provide an in-
tegrated framework to capture the intrinsic heterogeneity of
CRC at the gene expression level.!! Developed using
transcriptome-wide analyses of primarily early-stage tu-
mors, this framework merges insights garnered from
clinically relevant anatomic, genetic, and carcinogenic
classification systems. On the basis of the biology of the
disease rather than on the outcomes, this convention di-
vides CRCs into one of four CMS groups: CMS1, micro-
satellite instability (MSI) immune; CMS2, canonical; CMS3,
metabolic; and CMS4, mesenchymal.!’ The utility of
comprehensive gene expression analyses is that such
analyses reflect the functional implications of mutations
rather than just their presence or absence. Thus, they
evaluate the status of redundant pathways and upregula-
tions of signaling pathways that are independent of DNA
mutations. This has the potential to provide a better
characterization of the molecular status of the cancer with
therapeutic implications.

The theoretical power of the CMS classification lies in the
possibility that it not only is a prognostic tool but also has
become a tool for drug development. However, its trans-
lation into clinical practice is subject to several obstacles.
To be useful for clinical decision making, the testing must
be done in Clinical Laboratory Improvement Amendments
(CLIA)-approved laboratories that ensure quality laboratory
testing and are overseen by the Centers for Medicare &
Medicaid Services. In addition, the classification is based
on the biology of stage Il to lll cancers, and its applicability
in patients with metastatic cancer has not been elucidated.
Trinh et al*?2 showed CMSs to be predictive in CAIRO2, but
in that study, CMS status was ascertained by immuno-
histochemistry rather than by gene expression. They used
five immunohistochemistry markers, assessed for MSI, and
showed an 87% concordance with the transcriptome an-
alyses. One of the limitations of this approach is a lack of
a clear distinction between CMS2 and CMS3. The current
report represents, to our knowledge, the first assessment of
the prognostic and predictive value of CMSs using a novel
NanoString (NanoString Technologies, Seattle, WA) gene
expression platform on tumor samples from patients with
mCRC enrolled in the CALGB/SWOG 80405 trial (Alliance
substudy A151425) and treated with one of the two tar-
geted agents along with standard-of-care chemotherapy.

PATIENTS AND METHODS
CALGB/SWOG 80405

This trial was conducted to determine the relative efficacy of
cetuximab versus bevacizumab when added to standard
modified FOLFOX or FOLFIRI as first-line therapy in ad-
vanced or KRAS wild-type mCRC.* The trial was initially
designed to compare three strategies: chemotherapy plus
cetuximab, chemotherapy plus bevacizumab, and che-
motherapy plus cetuximab and bevacizumab. Three years
after the start of the trial, data on the lack of efficacy of
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epidermal growth factor receptor (EGFR) antibodies in
KRAS mutant tumors emerged, and KRAS wild-type (co-
dons 12 and 13) status became an eligibility criterion. The
combined treatment group (chemotherapy plus cetuximab
and bevacizumab) was discontinued because of lack of
efficacy. In 2015, a revised two-arm trial (cetuximab v
bevacizumab with chemotherapy regimens) had a mature
primary end point. The full protocol is provided in the Data
Supplement.

Gene Expression Analysis by NanoString

Gene expression analyses were included in the original
protocol as a potential predictive and prognostic marker.
Custom-designed CRC NanoString code sets were used to
measure gene expression using 250 ng of total RNA from
formalin-fixed paraffin-embedded samples in a non—CLIA-
approved laboratory. These panels consisted of genes
that were known to regulate key aspects of CRC biol-
ogy (Data Supplement). Positive and negative control
probes also were included for hybridization efficiency
and background calculations. Gene expression was
quantified using the nCounter Analysis System, and raw
counts were generated by nSolver software (NanoString
Technologies).

CMS Classification

Because of a lack of overlap in gene contents between the
custom NanoString panel for the CALBG/SWOG 80405
cohort and the official CMS classifier software, we rede-
veloped a CMS classifier using some of the large data sets
with published gold standard CMS labels,*! The Cancer
Genome Atlas, PETACC-3, and Marisa et al.*®> Only genes
that are common to these three data sets and those
assessed in the CALGB/SWOG 80405 panel are used. A
multinomial logistic regression model using GLMNET was
used to derive the classifiers.’* The NanoString data were
log-transformed, and normalization was achieved by pa-
rameterizing the features to use all possible pairwise dif-
ferences in log, counts to achieve a self-normalizing linear
predictor. The BRAF/KRAS signatures were newly derived
from the same data sets as in the CMS classifiers. Patients
were assigned into three groups: KRAS wild type, BRAF
wild type, or double wild type. Multinomial logistic re-
gression using GLMNET was used to classify CALBG/SWOG
80405 samples into one of these classes.

Statistical Analysis

Patient baseline clinical characteristics were compared
between patients who had NanoString data and the
CALBG/SWOG 80405 primary analysis population as well
as across CMSs. Descriptive statistics are presented and
compared using Wilcoxon rank sum test for continuous
variables and Pearson 2 tests for categorical variables.!%1®

Kaplan-Meier method!” and log-rank test'® were used to
estimate and compare time-to-event end points. The as-
sociation between CMS and time-to-event end points!® was
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assessed using multivariable Cox proportional hazards
regression models. The models are adjusted by the fol-
lowing variables: age, sex, race, Eastern Cooperative On-
cology Group performance status, treatment arm, prior
adjuvant chemotherapy, protocol chemotherapy, tumor
location, number of metastatic sites, and disease diagno-
sis (synchronous or metachronous). Interaction between
CMSs and treatment arm was tested to determine the
potential predictive effect of CMSs.

Exploratory analyses were done to test the hypothesis that
bevacizumab may have greater efficacy in MSI-high (MSI-
H) tumors (eg, patients with CMS1) on the basis of re-
ported differential effects of the two agents on tumor-
associated macrophages.?® Patients with CMS1 tumors
were separated into three groups: MSI-H (regardless of
BRAF status), BRAF mutant (with microsatellite stable
[MSS] tumors), and BRAF wild-type (with MSS tumors).
Finally, we conducted exploratory analyses to test whether
CMS2 and CMS4 patients responded to cetuximab dif-
ferently on the basis of KRAS signature. Patients were
separated into three groups: KRAS mutant (by polymer-
ase chain reaction [PCR]), KRAS wild type (by PCR) with
KRAS signature (determined by NanoString), and KRAS
wild type (by PCR) without KRAS signature. For explor-
atory analyses, only age, sex, Eastern Cooperative

Oncology Group performance status, and number of
metastases were adjusted.

A two-sided P < .05 was considered statistically signifi-
cant for all tests (P < .1 was used for interaction tests). No
adjustments were made for multiple comparisons given
the exploratory nature of the analyses. All analyses were
performed using SAS 9.4 software (SAS Institute,
Cary, NC).

Data collection and statistical analyses were conducted by
the Alliance Statistics and Data Center. Data quality was
ensured by review of data by the Alliance Statistics and Data
Center and by the study chairperson while following Alli-
ance policies. All analyses were based on the study da-
tabase frozen on December 15, 2015.

RESULTS
CMS Is Prognostic in CALGB/SWOG 80405

Of 1,137 patients enrolled in the primary analysis cohort of
CALGB/SWOG 80405, CMS classification was possible on
581° (Fig 1). Figure 2 shows the frequency of CMS groups
in CALGB/SWOG 80405 overall and by tumor location. The
median follow-up for the 581 patients was 61.1 months.

Appendix Table Al (online only) lists the baseline features
of patients for whom CMS classification was available and

CALBG/SWOG
80405 primary analysis
cohort
(N =1,137)

Tumor tissue available

for testing

(n =785)
Sex discrepancy (n = 6)
Insufficient material (n =20)

Nanostring data scan failed (n = 2)—
No tumor or low percentage of tumor (n = 85)
Old pre-cut slide (n=9)

NanoString data
available
(n = 663)

Consensus molecular
subtype classification
available
(n =581)

Did not consent to correlative study
Did not received any protocol treatment (n = 14)
Withdrew consent for data usage
No specimen available in biobank
No tumor block/slide available
Only one H&E slide available

(n =169)

(n=1)
(n=13)
(n =152)
(n=3)

FIG 1. Study flow diagram.
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A B

CMS1 (17.9%)

CMS4 (28.74%)

CMS3 (11.7%)

CMS2 (41.65%)

CMS1(9.01%)

CMS4 (30.23%)

CMS2 (48.26%)

CMS3 (12.5%)

CMS4 (27.85%)

CMS3 (11.39%)

CMS1 (37.34%)

CMS2 (23.42%)

FIG 2. Consensus molecular subtype (CMS) proportion. (A) Overall, (B) Right-sided tumors, and (C) left-sided tumors.

those in CALGB/SWOG 80405. Across CMS groups, both
the molecular signatures and the tumor characteristics
were significantly different as expected, as were age, sex,
and number of metastatic sites (Table 1).

The CMS classification was a significant prognostic marker
for OS (P < .001), with a median survival of 15, 40.3, 24.3,
and 31.4 months for CMS1, CMS2, CMS3, and CMS4,
respectively (Fig 3). In patients who received bevacizumab,
CMS was a significant prognostic marker for OS before
multivariable adjustment (log-rank P = .015; Fig 4); how-
ever, the association between CMSs and OS in patients who
received bevacizumab was attenuated after multivariable
adjustment (P = .2464). In patients who received cetux-
imab, CMS was a significant prognostic marker for OS (P <
.001), with a median survival of 11.7, 42, 26.8, and
30.8 months for CMS1, CMS2, CMS3, and CMS4, re-
spectively (Fig 5). CMS was also a significant prognostic
marker for PFS in the overall cohort (P < .001) and in the
bevacizumab (P = .027) and cetuximab (P < .001)
treatment arms separately (Table 2; Appendix Figs Al, A2,
and A3, online only). Altogether, these results support
a strong prognostic link between CMS and OS/PFS in the
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CALGB/SWOG 80405 cohort overall as well as in the in-
dividual treatment arms.

KRAS Gene Expression Signature Predicts Response to
Cetuximab in CALGB/SWOG 80405

With consideration that RAS mutation is a predictive and
clinically actionable biomarker in CRC,> we examined the
impact of RAS mutation and RAS mutant-like gene ex-
pression signature on the predictive value of CMSs. We
tested whether exclusion of a gene expression signature of
mutant KRAS in KRAS wild-type would increase the benefit
of EGFR inhibitors.?*?? Patients with KRAS wild type and
a KRAS wild-type gene expression signature who received
cetuximab had a significantly longer OS (adjusted HR,
0.62; P=.0256) and PFS (adjusted HR, 0.67; P=.0362)
than those who received bevacizumab (Appendix Table A2,
online only). Cetuximab did not show a significant benefit
for patients with CMS2 or CMS4 tumors who were either
KRAS mutant (by PCR) or exhibited a KRAS mutant sig-
nature. For PFS, the treatment/KRAS signature interaction
is statistically significant (P for interaction = .055), in-
dicating that RAS signaling is critical for cetuximab activity
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CMS Group, No. (%)

Characteristic CMS1 CMs2 CMS3 CMs4 Total P*

No. of patients 104 242 68 167 581

Median age, years (Q1, Q3)  64.1 (55.2, 70.7) 599 (563.0,67.6) 59.4(51.0,70.8) 576 (47.7,67.1) 60.1(52.0, 68.7)

Arm .8379
Bevacizumab 49 (47.1) 123 (50.8) 31 (45.6) 80 (47.9) 283 (48.7)
Cetuximab 55 (52.9) 119 (49.2) 37 (54.4) 87 (62.1) 298 (51.3)

Protocol chemotherapy .3853
FOLFOX 85 (81.7) 180 (74.4) 49 (72.1) 123 (73.7) 437 (75.2)
FOLFIRI 19 (18.3) 62 (25.6) 19 (27.9) 44 (26.3) 144 (24.8)

Prior adjuvant chemotherapy .0552
No 98 (94.2) 210 (86.8) 59 (86.8) 138 (82.6) 505 (86.9)
Yes 6 (5.8) 32 (13.2) 9 (13.2) 29 (17.4) 76 (13.1)

Prior pelvic radiation 1713
No 101 (97.1) 221 (91.3) 63 (92.6) 150 (89.8) 535 (92.1)
Yes 3(2.9) 21 (8.7) 5(7.4) 17 (10.2) 46 (7.9)

Sex < .001
Male 50 (48.1) 179 (74.0) 44 (64.7) 101 (60.5) 374 (64.4)
Female 54 (51.9) 63 (26.0) 24 (35.3) 66 (39.5) 207 (35.6)

Race 2715
Missing 1 0 0 3 4
Other 9(8.7) 40 (16.5) 9(13.2) 21 (12.8) 79 (13.7)
White 94 (91.3) 202 (83.5) 59 (86.8) 143 (87.2) 498 (86.3)

ECOG PS .1662
0 56 (53.8) 152 (62.8) 45 (66.2) 92 (55.1) 345 (59.4)
1 48 (46.2) 90 (37.2) 23 (33.8) 75 (44.9) 236 (40.6)

No. of metastatic sites .0423
Missing 0 2 0 1 3
1 46 (44.2) 147 (61.3) 30 (44.1) 86 (51.8) 309 (53.5)
2 38 (36.5) 68 (28.3) 26 (38.2) 56 (33.7) 188 (32.5)
=3 20 (19.2) 25 (10.4) 12 (17.6) 24 (14.5) 81 (14.0)

Intent of treatment .6695
Missing 1 7 3 2 13
Palliative 81 (78.6) 197 (83.8) 55 (84.6) 136 (82.4) 469 (82.6)
Curative 22 (21.4) 38 (16.2) 10 (15.4) 29 (17.6) 99 (17.4)

KRAS signature (NanoString) < .001
Wild type 32 (30.8) 105 (43.4) 4 (5.9) 49 (29.3) 190 (32.7)
Mutant 72 (69.2) 137 (56.6) 64 (94.1) 118 (70.7) 391 (67.3)

BRAF signature (NanoString) < .001
Missing 2 11 3 2 18
Wild type 22 (21.6) 231 (100.0) 52 (80.0) 116 (70.3) 421 (74.8)
Mutant 80 (78.4) 0 (0.0) 13 (20.0) 49 (29.7) 142 (25.2)

(continued on following page)
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TABLE 1. Patient Characteristics by CMS Classification (continued)
CMS Group, No. (%)

Characteristic CMS1 CMS2 CMS3 CMs4 Total P*
MSI signature (NanoString) < .001
MSS 54 (51.9) 242 (100.0) 63 (92.6) 150 (89.8) 509 (87.6)
MSI-H 50 (48.1) 0 (0.0) 5(7.4) 17 (10.2) 72 (12.4)
Disease diagnosis < .001
Missing 1 1 1 0 3
Synchronous 95 (92.2) 174 (72.2) 56 (83.6) 132 (79.0) 457 (79.1)
Metachronous 8(7.8) 67 (27.8) 11 (16.4) 35 (21.0) 121 (20.9)
Tumor location < .001
Missing 7 20 6 8 41
Left side 31 (32.0) 166 (74.8) 43 (69.4) 104 (65.4) 344 (63.7)
Right side 59 (60.8) 37 (16.7) 18 (29.0) 44 (27.7) 158 (29.3)
Transverse 7(7.2) 19 (8.6) 1(1.6) 11 (6.9) 38 (7.0)
Liver metastases only < .001
Missing 0 2 0 1 3
No 73 (70.2) 126 (52.5) 47 (69.1) 124 (74.7) 370 (64.0)
Yes 31 (29.8) 114 (47.5) 21 (30.9) 42 (25.3) 208 (36.0)

Abbreviations: CMS, consensus molecular subtype; ECOG PS, Eastern Cooperative Oncology Group performance status; FOLFIRI, fluorouracil, leucovorin,
and irinotecan; FOLFOX, infusional fluorouracil, leucovorin, and oxaliplatin; MSI, microsatellite instability; MSI-H, microsatellite instability high; MSS,
microsatellite stable; Q, quarter.

*By x? test.

and that assessment for mutations of RAS do not predictall  received cetuximab (Table 2). Furthermore, a significantly
the patients who will not benefit from cetuximab. longer PFS (P < .001) was observed for patients with CMS1
CMS Classification Predicts Response to Cetuximab and tUmMors who recelvgd bevagzumab _compared with those
Bevacizumab in CALGB/SWOG 80405 who received CetUX|mab, with a median PFS of 8.7 months

o o . compared with 5.7 months, respectively (Table 2).
CMS classification is a predictive marker for cetuximab and

bevacizumab in both OS (Pfor interaction < .001) and PFS In t,he,QMSQ cohort, patients who receiyed cetuxilmab had
(P for interaction = .0032). More specifically, in the CMS1 a significantly longer OS (.P: .0046), with meq@” OS of
42 months compared with 36 months for patients who

received bevacizumab (Table 2). Patients with CMS2 tu-
mors tended to exhibit a slightly improved PFS profile
compared with those who receive bevacizumab, although

cohort, patients who received bevacizumab had a signifi-
cantly longer OS (P < .001), with a median survival of
22.5 months compared with 11.7 months for patients who

CMS  Eventsof Median (95% Gl this did not reach statistical significance (P=.52; Table 2).
100 —— oMST s5eli08 150011710224 Patients with CMS1, MSI-H cancers who received bev-
e e e | acizumab had a longer OS than those who received
075 — cMs4 1270f167 31426310369 |  Cetuximab (adjusted HR, 0.42; P=.0091; Appendix Table
S Logrrank P<.001 A2). Similarly, patients with CMS1, MSI-H CRC who re-
E ceived bevacizumab had a longer PFS than those who
e 0.50 + received cetuximab (HR, 0.45; P=.0109). In patients with
P CMS1, MSS cancers, there was no significant difference in
e 0.25 OS and PFS among those who received bevacizumab
versus cetuximab for both BRAF mutant and BRAF wild-
type tumors (Appendix Table A2). These data suggest that
T T T T T T the predictive effect of CMS1 seems to depend on MSI-H.
0 12 24 36 48 60 72
Time Since Random Assignment (months)

DISCUSSION
FIG 3. Overall survival (OS) among patients included in this analysis. ~ Our findings suggest that CMS is an independent prog-
CMS, consensus molecular subtype. nostic marker in patients with mCRC who undergo first-line
Journal of Clinical Oncology 1881

Downloaded from ascopubs.org by KU Leuven-2Bergen on October 4, 2019 from 193.058.148.022
Copyright © 2019 American Society of Clinical Oncology. All rights reserved.



Lenz et al

CMS Events of Median (95% CI)
1.00 4 Total
— CMS1 36 of 49 22.5 (15.9 to 32.6)
—— CMS2 940f123 36.0(33.5t042.3)
= CMS3 260f31 15.1(10.8t0 30.1)
= 0.75 A —— CMS4 650f80 32.7(26.3to 37.5)
K=l Log-rank P=.0153
€
o
2 0.50 -
S
=
(%2)
o
0.25 A
T T T T T T
0 12 24 36 48 60 72
Time Since Random Assignment (months)

FIG 4. Overall survival (OS) among patients who received bev-
acizumab. CMS, consensus molecular subtype.

chemotherapy in combination with bevacizumab or
cetuximab. Patients with CMS2 tumors had the lowest risk
of death and progression compared with patients with other
CRC subtypes, whereas those with CMS1 had the shortest
PFS and OS. After adjustment for known clinical prognostic
factors, the prognostic effect of CMSs remained significant
and clinically relevant.

This analysis used a custom CRC-focused gene expression
panel that was based on the NanoString platform. The
same CMS classifier used in CALBG/SWOG 80405 was
used in the FIRE-3 trial which used an Affymetrix-based
technology (developed by the independent Swiss Institute
for Bioinformatics) that allowed for cross-trial comparison.
Our ability to classify CMSs with a custom CRC NanoString
panel on paraffin-embedded tumor specimens supports
the possibility that a CLIA-approved assay may be de-
veloped in the future.

Our data on the predictive value of CMSs raise the possi-
bility that may help to guide treatment in the future. For
example, patients with CMS1 tumors had significantly
longer PFS and OS when chemotherapy was combined
with bevacizumab as opposed to cetuximab. This result
was mostly driven by the subset of CMS1 patients with MSI-
H tumors. These data may be explained in part through the
impact of bevacizumab on inflammatory tumor-associated
macrophages on their M1/2 polarization.?® These data
support a possible immunomodulatory effect of vascular
endothelial growth factor inhibition, which may involve
vessel normalization triggered by T-lymphocyte infiltration
or activity.>>?* Becht et al®® reported that microenviron-
mental signatures are highly correlated with CMS1. These
data support that CMS classification will help to identify
subgroups with immune stimulatory pathways that may
lead to novel treatment strategies.

Our data also demonstrate that patients with CMS2 cancers
receive a significant benefit from treatment with cetuximab-
based chemotherapy. The CMS2 group is enriched for

1882 © 2019 by American Society of Clinical Oncology

CMS Events of Median (95% Cl)
1.00 4 Total
— CMS1 49 of 55 11.7 (10.9 to 18.0)
= CMS2 790f119 42.0(39.3t0 54.4)
= CMS3 320f37 26.8(20.9to 36.0)
_ 0.75 —— CMS4 620f87 30.8(24.4to 43.5)
g Log-rank P <.001
h=
S
S 0.50 -
e
=
w
o
0.25
T T T T T T
0 12 24 36 48 60 72
Time Since Random Assignment (months)

FIG 5. Overall survival (0S) among patients who received cetuximab.
CMS, consensus molecular subtype.

left-sided tumors, which have been shown to preferentially
benefit from cetuximab therapy in a recent pooled analysis.?®
These tumors are characterized by activated EGFR path-
ways that render them sensitive to cetuximab.?”?® Even in
KRASwild-type tumor, not all patient respond to cetuximab.
In our exploratory analyses, we showed that in using a
KRAS mutant gene expression signature in KRAS wild-
type tumors, a significant interaction with benefit from
cetuximab therapy in CMS2 and CMS4 cancers for PFS was
seen. These findings suggest that further refinement of
these signatures may lead to the ability to use these agents
strategically rather than empirically.

The findings presented here must be considered as pre-
liminary and in need of validation in an independent cohort.
The prognostic value of CMS classification was consistent
between FIRE-3 and CALGB/SWOG 80405 using the same
classification. Recently, the Mitomycin C, Avastin and
Xeloda in Patients With Untreated Colorectal Cancer study
was published and confirmed the prognostic value of
CMSs; however, this study is limited because both treat-
ment arms included bevacizumab.?® However, CMS was
not predictive in the same direction across these two
studies, which strongly suggests that the OS superiority of
the cetuximab-treated compared with the bevacizumab-
treated patients in FIRE-3 (OS difference of 8 months) was
not the result of a major CMS imbalance between the two
trials. This discrepancy may be the result of heterogeneity
among the CMSs; differences in the proportion of subtypes
within a CMS classification; or other factors such as pat-
terns of care, the differences in the chemotherapy back-
bone, or the simple play of chance. Indeed, there may be
a CMS-chemotherapy interaction that could explain the
different outcomes. Although only 25% of the patients in
CALGB/SWOG 80405 received first-line FOLFIRI, all pa-
tients treated on FIRE-3 started with FOLFIRI.

The choice of the use of irinotecan versus oxaliplatin could
lead to distinct interactions between antibodies and
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chemotherapy. Bevacizumab not only inhibits angiogen-
esis to allow for T-cell homing but also inhibits dendritic cell
maturation, and the extent of bevacizumab-induced den-
dritic cell suppression has been associated with survival in
patients with CRC.3%! Similarly, oxaliplatin induces im-
munogenic cancer cell death partly through calreticulin
exposure on the dendritic cell surface.®**® These data
suggest that oxaliplatin in combination with bevacizumab
may be synergistic and, therefore, clinically beneficial
within CMS1. Conceivably, the differences in findings be-
tween FIRE-3 and CALGB/SWOG 80405 may be reconciled
by data that suggest increased sensitivity of mesenchymal
and stem-like tumors to irinotecan and relative resistance to
oxaliplatin.343®

Certain limitations of our study should be acknowledged.
The study was limited to patients with KRAS wild-type
tumors, which resulted in a relative minority of CMS3
cancers. Moreover, given the design of CALGB/SWOG
80405, a robust stratification of CMS effect by chemo-
therapy backbone was not possible. This will be integral to
discerning interactions between cytotoxic and targeted
agents, which may affect the predictive effect of CMS
classification. Finally, only one half of the primary analysis
cohorts were included in this analysis. Appendix Table Al
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across cohorts.
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anti-EGFR therapy. These findings warrant validation in
prospective trials using CMS grouping as a stratification
factor. In this regard, the CMS platform represents
a fundamental step toward the translation of CRC biology
into pathway-driven drug and trial development. How-
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APPENDIX
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FIG A1. Progression-free survival (PFS) among patients included in
this analysis. CMS, consensus molecular subtype.
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FIG A2. Progression-free survival (PFS) among patients who received
bevacizumab. CMS, consensus molecular subtype.
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CMS  Eventsof Median (95% Cl)
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FIG A3. Progression-free survival (PFS) among patients who received
cetuximab. CMS, consensus molecular subtype.
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TABLE A1. Patient Characteristics From Those Included in This Analysis (CMS Population) Versus Others (Non-CMS Population) in the
CALGB/SWOG 80405 Primary Analysis Cohort
Population, No. (%)

Characteristic CMS (n = 581) Non-CMS (n = 556) P
Age .0509*
No. of patients 581 556
Mean (SD) 59.5 (11.6) 58.2 (11.7)
Median 60.1 58.9
Ql, Q3 52.0, 68.7 50.2, 66.4
Range 22.9-83.5 20.8-83.5
Arm .7080t
A 283 (48.7) 277 (49.8)
B 298 (51.3) 279 (50.2)
Protocol chemotherapy .00467
FOLFOX 437 (75.2) 376 (67.6)
FOLFIRI 144 (24.8) 180 (32.4)
Prior adjuvant chemotherapy 4165t
No 505 (86.9) 474 (85.3)
Yes 76 (13.1) 82 (14.7)
Prior pelvic radiation .1415¢
No 535 (92.1) 498 (89.6)
Yes 46 (7.9) 58 (10.4)
Sex .b327t
Male 374 (64.4) 348 (62.6)
Female 207 (35.6) 208 (37.4)
Race .0182¢t
Missing 9 13
White 498 (87.1) 445 (82.0)
Other 74 (12.9) 98 (18.0)
ECOG PS 2922t
0 345 (59.4) 313 (56.3)
1 236 (40.6) 243 (43.7)
No. of metastatic sites .0063t
1 312 (53.7) 248 (44.6)
2 188 (32.4) 205 (36.9)
=3 81 (13.9) 103 (18.5)
Intent of treatment 2193t
Missing 13 19
Palliative 469 (82.6) 458 (85.3)
Curative 99 (17.4) 79 (14.7)
Tumor location 1124+
Missing 41 26
Right side/transverse 196 (36.3) 168 (31.7)
Left side 344 (63.7) 362 (68.3)

(continued on following page)
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TABLE A1. Patient Characteristics From Those Included in This Analysis (CMS Population) Versus Others (Non-CMS Population) in the

CALGB/SWOG 80405 Primary Analysis Cohort (continued)
Population, No. (%)

Characteristic CMS (n = 581) Non-CMS (n = 556) P
Liver metastases only 0098t
Missing 3 7
No 370 (64.0) 391 (71.2)
Yes 208 (36.0) 158 (28.8)
In place primary < .001f
No 511 (88.0) 401 (72.1)
Yes 70 (12.0) 155 (27.9)
Disease diagnosis 33237
Missing 3 3
Synchronous 457 (79.1) 424 (76.7)
Metachronous 121 (20.9) 129 (23.3)
Overall survival .1782%
No. of patients 581 565
Events 443 388
Median survival, months (range) 31.7 (28.9-34.8) 29.5 (26.7-32.6)
1-year survival rate, % (range) 80.9 (77.7-84.1) 79.8 (76.4-83.2)
Year 1 No. at risk 465 431
Progression-free survival .1573%
No. of patients 579 553
Events 533 503
Median survival, months (range) 10.9 (10.0-11.7) 11.0 (10.0-11.6)
1-year survival rate, % (range) 44.1 (40.0-48.2) 43.1 (38.8-47.3)
Year 1 No. at risk 242 219

NOTE. Report generated on February 4, 2019.

Abbreviations: CMS, consensus molecular subtype; ECOG PS, Eastern Cooperative Oncology Group performance status; FOLFIRI, fluorouracil,
leucovorin, and irinotecan; FOLFOX, infusional fluorouracil, leucovorin, and oxaliplatin; Q, quartile; SD, standard deviation.

*By Kruskal-Wallis exact test.

By ¥ test.

1By log-rank test.
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TABLE A2. Exploratory Analyses

Overall Survival Progression-Free Survival
No. of No. of HR P for No. of HR P for
Variable Patients  Events (95% CI)* P Interactiont  Events (95% Ch)* P Interaction t
Bevacizumab v cetuximab .5673%F .2120%
among CMS1 patients
Among MSI-H (regardless Bl 38 0.42 (0.22 to 0.80) .0091 43  0.45(0.24 t0 0.83) .0109
BRAF status)
Among MSS and BRAF 37 33 0.66 (0.31to 1.39) .2760 35 0.97 (047 to 2.01) .9424
mutant
Among MSS and BRAF 16 14 0.71 (0.23 to 2.16) .5402 14 0.38(0.12to 1.15) .0879
wild type
Cetuximab v bevacizumab .1612% .055%
among CMS2 and CMS4
patients
Among KRAS mutant 27 25 0.74 (0.33 to 1.65) .4592 25 1.33(0.60to 2.94) .4852
(by PCR)
Among KRAS wild-type 179 127  1.07 (0.74 10 1.55) .7144 163  1.21(0.87 to 1.66) .2563
(by PCR) and mutant
signature
Among KRAS wild-type 128 93 0.62 (0.40to 0.94) .0256 119 0.67 (0.46 t0 0.98) .0362
(by PCR) and wild-type
sighature

Abbreviations: CMS, consensus molecular subtype; HR, hazard ratio; MSI-H, microsatellite instability high; MSS, microsatellite stable; PCR, polymerase
chain reaction.

*Model adjusted for age (continuous), sex (male v female), Eastern Cooperative Oncology Group performance status (O v 1), number of metastatic sites
(lv2v=23).

tAdjusted model. Interaction between treatment arm and CMS status.

tModel adjusted for the same variables. P value indicates whether there is any difference in outcome across different levels (ie, a 2-df test).
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